We report a search for Standard Model (SM) Higgs boson production in association with a W ± boson. This search uses data corresponding to an integrated luminosity of 1.9 fb −1 collected with the CDF detector at Tevatron. We select events matching the W + jets signature and require at least one jets to be identified as b-quark jets. To further increase discrimination between signal and background, we use kinematic information in an artificial neural network. The number of tagged events and the resulting neural network output distributions are consistent with the Standard Model expectations, and we set an upper limit on the W H production cross section times branching ratio σ(pp → W ± H) × BR(H → bb) < 1.1 to 1.0 pb for Higgs masses from 110 GeV/c 2 to 150 GeV/c 2 at 95% confidence level.
Introduction
The success of the Standard Model in explaining and predicting experimental data provides strong motivation for the existence of a neutral Higgs boson. Current electroweak fits combined with direct searches from LEP2 indicate the mass of the Higgs boson is less than 190 GeV/c 2 at 95% confidence level 1 . In proton-antiproton collisions of √ s = 1.96 TeV at the Tevatron, the Standard Model Higgs boson may be produced in association with a W boson 2 . For low Higgs masses (below 140 GeV/c 2 ) the dominant decay mode is H → bb. The final state from the W H production is therefore ℓνbb, where the high-p T lepton from the W decay provides an ideal trigger signature at CDF. The analysis strategies make use of b-tagging algorithm to suppress the W +jets backgrounds and apply artificial neural network to discriminate signal to remaining backgrounds.
Event Selection
Events are collected by the CDF II detector with high-p T central electron or muon triggers which have an 18 GeV threshold. The central electron or muon is further required to be isolated with E T (or p T ) > 20 GeV in offline. Events having the W +jets signature are confirmed with a missing transverse energy requirement (E / T > 20 GeV). We use forward (plug) electron events with a trigger intended for W candidate events. This trigger requires both a forward electron candidate and missing transverse energy. Plug electron events are further required to have E T > 20 GeV and E / T > 25 GeV. For plug electron events, additional selection is required to suppress QCD background.
Events are required to have 2 jets with E T > 20 GeV and |η| < 2.0. Because the Higgs boson decays to bb pairs, we employ b-tagging algorithms which relies on the long lifetime and large mass of the b quark to suppress enormous W +jets backgrounds.
Bottom Quark Tagging Algorithm
To greatly reduce the backgrounds to this Higgs search, we require that at least one jets in the event be identified as containing b-quarks by one of three b-tagging algorithms. The secondary vertex tagging algorithm identifies b quarks by fitting tracks displaced from the primary vertex. In addition, we add jet probability tagging algorithm that identifies b quarks by requiring a low probability that all tracks contained in a jet originated from the primary vertex, based on the track impact parameters 3 . To be considered for double tag category, an event is required to have either two secondary vertex tags, or one secondary vertex tag and one jet probability tag.
Furthermore we also make use of exactly one b-tagged events with the secondary vertex tagging algorithm. To improve signal-to-background ratio for one tag events, we employ neural network (NN) b-tagging algorithm 4 applied. This neural network is tuned for only jets tagged by the secondary vertex tagging algorithm. The purity of b-jets tagged by this algorithm is improved.
Finally we categorize events in three b-tagged conditions, double secondary vertex tagged events, one secondary vertex tagged plus one jet probability tagged events and one NN tagged events. These two categories of double-tagged events and one category of one neural network tagged events are defined exclusively.
Expected Signal Events and Systematics
The acceptance in Higgs mass of 120 GeV/c 2 in central region is 0.48±0.05%, 0.38±0.04%, 0.93±0.05% for the double secondary vertex tagged, the secondary vertex plus jet probability and one neural network tagged category, respectively. The expected signal events in Higgs mass 120 GeV/c 2 are about 3.9 events in central plus plug data.
The uncertainties on the signal acceptance currently have the largest effect on the Higgs sensitivity. The b-tagging uncertainty is dominated by the uncertainty on the data/MC scale factor. 3.5-9.1% systematic is assigned for each b-tagging category. The uncertainties due to initial state radiation and final state radiation (2.9-5.2%) are estimated as difference from the nominal. Other uncertainties on parton distribution functions (∼ 2%), jet energy scale (2-3%), trigger efficiencies (< 1%) and lepton identification contribute (2%) are taken into account.
Backgrounds
This analysis builds on the method of background estimation detailed in Ref. 4 . In particular, the contributions from the following individual backgrounds are calculated: falsely b-tagged events, W production with heavy flavor quark pairs, QCD events with false W signatures, top quark pair production, and electroweak production (diboson, single top).
We estimate the number of falsely b-tagged events (mistags) by counting the number of negatively-tagged events, that is, events in which the measured displacement of the secondary vertex is opposite the b jet direction. Such negative tags are due to tracking resolution limitations, but they provide a reasonable estimate of the number of false positive tags after a correction for material interactions and long-lived light flavor particles.
The number of events from W + heavy flavor is calculated using information from both data and Monte Carlo programs. We calculate the fraction of W events with associated heavy flavor production in the ALPGEN Monte Carlo program interfaced with the PYTHIA parton shower code. This fraction and the b-tagging efficiency for such events are applied to the number of events in the original W +jets sample after correcting for the tt and electroweak contributions.
We constrain the number of QCD events with false W signatures by assuming the lepton isolation is independent of E / T and measuring the ratio of isolated to non-isolated leptons in a E / T sideband region. The result in the tagged sample can be calculated in two ways: by applying the method directly to the tagged sample, or by estimating the number of non-W QCD events in the pretag sample and applying an average b-tagging rate.
In this analysis, 83, 90 and 805 events for each b-tagging category are observed against 80.62±18.75, 86.99±17.99 and 809.61±159.38 expected in signal region. The good agreement is also obtained in plug region.
Artificial Neural Network
To further improve signal to background separation we employ an artificial neural network. This neural network combines six kinematic variables into a single function with better discrimination between the Higgs signal and the background processes than any of the variables individually. To train the neural network, JETNET package 5 . The input variables are defined below:
Dijet invariant mass+: The invariant mass reconstructed from the two jets. If there are additional looser jets, the loose jet that is closest to one of the two jets is included in this invariant mass calculation. Total System p T : The vector sum of the transverse momenta of the lepton, the E / T , and the two jets. p T Imbalance: The scalar sum of the lepton and jet transverse momenta minus the E / T . E T (loose jets): The scalar sum of the loose jet transverse energy. M min lνj : The invariant mass of the lepton, E / T and one of the two jets, where the jet is chosen to give the minimum invariant mass. The p z of neutrino is ignored for this quantity. ∆R (lepton-ν): The distance between the direction of lepton and neutrino in η − φ plane, where the p z of the neutrino is taken from largest |p z | calculated from W mass constraint.
The training is defined such that the neural network attempts to produce an output as close to 1.0 as possible for Higgs signal events and as close to 0.0 as possible for background events. For optimal sensitivity, a different neural network is trained for each Higgs mass considered. Fig.1 show the neural network results for each b-tagging category.
Results
We perform a direct search for an excess in the signal region of the neural network output distribution from single-tagged and double-tagged W +2 jet events. A binned maximum likelihood technique is used to estimate upper limits on Higgs production by constraining the number of backgrounds to the estimates within uncertainties. Each b-tagging category is combined to obtain best sensitivity for both central and forward lepton region. We set an upper limit on the production cross section times branching ratio as a function of m H , plotted in Fig. 2 . The results are also collected in Table 3 . 
